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INTRODUCTION 
The acid catalyzed protonation of carbonyl compounds has received 
considerable attention in recent years.^ The nature of the intermediates 
produced as well as the products of subsequent rearrangements have pro¬ 
vided significant information in the area of carbonium ion chemistry. 
o 
Acid catalyzed rearrangements of ketones are quite general and can be 
rationalized on the basis of an intramolecular mechanism involving alkyl 
group shifts in the conjugated acid of the ketone, or reversible pinacol 
formation when rearrangement involves an oxygen function. Zook, Smith, 
and Greene^ noticed that ketones with two alkyl or two phenyl groups in 
the 2 position rearrange in a predictable way based on resonance and 
hyperconjugation effects. However, beta fission is quite common when a 
relatively stable carbonium ion is produced. 
Acid catalyzed cleavage reactions of protonated carbonyl groups have 
been studied extensively by Deno.^ Deno found that the xanthyl cation J_ 
is ejected from protonated ketones in ten to fifty percent aqueous sul¬ 
furic acid at 25°. The effect of the xanthyl cation _1_, insulated from 
the functional group by a saturated carbon, showed that in the transition 
state the positive charge is delocalized throughout the xanthyl system 
4 
and leaving group. 
1 
2 
Carboxylic acids have been examined by nuclear magnetic resonance 
spectroscopy in zero to one hundred percent sulfuric acid and eighty 
percent sulfur trioxide. Evidence was found"* that suggests a shift in 
equilibria between free acid, R-COOH, and protonated acid, R-COlSh^, and 
+ + 
then a further shift from R-COOH2 to the acyl cation R-CO. Deno also 
presented evidence that substituents that stablize carbonium ions also 
+ 
stablize the conjugate acid, R-COOh^, with respect to the unprotonated 
species. The resonance hybrid 2. 1S a greater contributor to the struc¬ 
ture of the protonated species than structure 2. The stabilization 
influence of substituents is reduced in the protonated acids over that 
found in alkyl carbonium ions. The same substituents that stabilize 





Deno has suggested that the behavior of protonated ketones can be 
used generally as models for carbonium ion reactivity.^’^ The similarity 
in the ultraviolet spectra of protonated dicyclopropyl ketone (\ max 235 
mjj, e 17,000) and tricyclopropyl methylcation (\ max 270 my, e 22,000) is 
g 
exemplary. The ultraviolet and nuclear magnetic resonance spectra of 
protonated ketones closely resemble the related carbonium ions, particu- 
9 10 
larly when the carbonium ions are stable. 
Pittman and Olah^ extended their study of cyclopropyl carbonium 
ions to include protonated cyclopropyl ketones. The same solvent system 
was used for both representative pairs of carbonium ions. The following 
are representative pairs for comparison; 4 with 6^ with ]_, and 8 with 
£. In each of the cases studied the positive charge felt on the cyclo¬ 
propane rings is greater in the carbonium ion than in the protonated 
ketone, indicating a greater concentration of positive charge on the 
carbonium ion central atom. Thus, in protonated ketones a resonance 
hybrid such as J_0 is a significant contributor to the ion; this contri¬ 
butor is absent in the alkyl carbonium ion. 
4 £ 
4 
Lewis and Bronsted acids are known to form complexes with aliphatic 
aldehydes.^ 01ah, O'Brien, and Calin reported the direct observation of 
protonated aliphatic aldehydes in the extremely strong acid system, 
fluorosulforic acid antimony pentaf1uoride, using sulfur dioxide as 
diluent.Nuclear magnetic resonance observation provided strong evi¬ 
dence that the structure of protonated aldehydes in solution is primarily 
that of 12> and the contribution from resonance form (the hydroxy car¬ 
bonium ion) is of lesser importance. The nuclear magnetic resonance 
spectrum indicated the presence of two forms, where the proton is either 
cis or trans to the hydrogen on the carbonyl carbon. 
5 
When pivaldehyde (_lj+) was protonated at -60°, no peaks were present 
that could be attributed to pivaldehyde. The spectrum more closely 
resembled that of protonated methyl isopropyl ketone (J_6), the product 
obtained in excellent yield when the reaction mixture was quenched.^ 
It took considerable diluent at -70° to observe the spectrum of proto¬ 
nated pivaldehyde (Jj[), Under these conditions, the aldehyde Jjj rear¬ 
ranged to the protonated ketone r7* The driving force in this rearrange¬ 
ment is probably due to formation of the more stable tertiary carbonium 
ion which subsequently undergoes a hydride shift to give protonated 
methyl isopropyl ketone. Treatment of isobutyraldéhyde under the same 
conditions gave no rearrangement to methyl ethyl ketone. The latter 
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Aliphatic ketones have also been examined in strong acid by nuclear 
magnetic resonance spectroscopy. D The proton on the oxygen in the pro- 
tonated ketone was found to be substantially deshielded. The large 
deshielding of this proton indicated that the positive charge resides 
mainly on oxygen, thus providing additional support for the importance 
of the resonance hybrid J_8. Protonated aliphatic carboxylic acids were 
also studied in strong acids. The results from this work indicated that 
the proton on the oxygen was more shielded than that in protonated ali¬ 







C = 0-H 
18 
In symmetrically substituted aliphatic ketones, only one protonated 
species is possible. For the asymmetrically substituted aliphatic ketones, 
two such species were observed. The observation is explained on the basis 
of the existence of two isomers of protonated asymmetrically substituted 
ketones in which the proton on the oxygen is in nonequivalent environ- 
13 
ments (cis or trans) relative to the substitutent. D 
Oxygen protonation of keto-and dicarboxylic acids followed the same 
general scheme as that for acids and ketones.^’^ In the same solvent 
system, the keto-and dicarboxylic acids were completely protonated at 
-60°. When the temperature was increased, fragmentation occured to give 
the acyl and diacyl carbonium ions, respectively. The oxygen protonation 
of cyclopropyl methyl ketone §_ was studied by Pittman and Olah, but no 
fragmentation was observed. Pittman and McManus' observed rearrangement 
of protonated cyclopropyl methyl ketone 6 when heated to 81°. The product 




The rearrangement of ketones and carboxylic acids alpha to strain 
ring system has been given less consideration than simple alkyl systems. 
In the cyclopropyl case, rearrangement results from ring protonation 
followed by a facile cyclization involving the carbonyl oxygen. Cubane- 
carboxylic acid (2J_) when treated with thirty-two percent hydrogen 
bromide in acetic acid undergoes cleavage of the cubane ring to give the 
bromo-acid 24. On the other hand, cubylcarbinol 2_j_ reacts under acid 
catalyzed condition to give the Wagner-Meerwein rearrangement product, 
homocubyl alcohol (22).^ The reactive intermediate in both of the 
reactions involves an electron deficient carbon adjacent to the cubane 
skeleton, but the mechanism of rearrangement is different. As part of an 
overall program designed to study carbonium ion reactivity in the cubane 
system, acid catalyzed protonation of carbonyl derivatives of cubane was 
studied. The work described in this thesis is concerned with the com¬ 
petition between the two modes of ring opening in strong acid (as exempli¬ 
fied by cubylcarbinol and cubanecarboxylic acid) when the carbon atom 


















RESULTS AND DISCUSSION 
Cubanecarboxyl ic acid (2^) and cubylcarbinol (2_1_) react rapidly 
with 32 percent hydrogen promide in acetic acid to give the bromo-acid 
24 and the acetate of homocubyl alcohol 22, respectively. In both cases, 
rearrangement probably derives from relief of ring strain. The striking 
difference in mode of ring opening of these two cubane derivitives can be 
related (at least in part) to the relative stabilities of the carbonium 
ion intermediates produced. In one case the intermediate is a protonated 
carbonyl group whereas the second case involves formation of a primary 
carbonium ion. It seemed reasonable to expect that carbonium ion species 
of intermediate stability between a primary ion and a dihydroxy carbonium 
ion would exhibit both types of ring opening. Accordingly, we sought to 














Wagner-Meerweîn rearrangement of protonated cubylcarboxaldehyde 
(26) would produce the homocubane derivative 29. Before this work was 
begun, very little was known about the reactivity of such a strained 
carbonium ion. Two reactions can be envisioned for the ion 2j?. It could 
undergo a hydride shift to give the more stable ion, protonated homo- 
cubanone (jjJ.)* or react immediately with a nucleophile to give the 
alcohol ^0. In a similar fashion, acid catalyzed Wagner-Meerwein 
rearrangement of cubylmethyl ketone (^2) could lead to methyl homocu- 
banone (JQ) or the tertiary homocubyl alcohol ^4. Unfortunately, all 
attempts at preparing cubylaldehyde using a variety of methods were 
unsuccessful. J The aldehyde is so reactive that it is oxidized or reduced 
faster than its precursor. Cubylmethyl ketone 2) could be prepared in 
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Cubylmethyl ketone (^2) was not reacted with concentrated sulfuric 
acid. The cubane cage is known to cleave in the presence of super acids, 
19,20 
even at low temperature. The ketone 21 reacts smoothly and quanti¬ 
tatively when treated with thirty-two percent hydrogen bromide in acetic 
acid at room temperature for one hour. Surprisingly, the methyl ketone 
32 undergoes Wagner-Meerwein rearrangement instead of cleavage of the 
cage to give the homocubyl alcohol derivative 22. ’n greater than ninety 
percent yield; ir\3.0 (w), 3*3 (m), 7.25 (m)>i; nmr(S=3.9 -3.2 (multi¬ 
plet, 6H_, cage hydrogens), 2.1 (broad, singlet, W, HC-COH), and 1.02 
(singlet, 3H., -CH^)ppm. The reaction presumably proceeds as depicted 
stepwise below. The mechanism may not be stepwise but concerted without 
the intermediacy of a strained carbonium ion such as 21’ Under these 









The reactipn of cubylmethyl ketone (32) with hydrogen bromide in 
acetic acid occurred in the presence of two nucleophiles and the strong 
acid hydrogen bromide. The nuclear magnetic resonance spectra of the 
crude reaction mixture indicated that there was a complex mixture of pro¬ 
ducts that was difficult to separate. Thus it was necessary to find whether 
the reaction would proceed in the same manner if one nucleophile was used. 
Trifluoroacetic acid was chosen because it had already received wide use 
in the cubyl system^’^ and was of sufficient strength to cause reaction 
and not destroy the cage system. Cubylmethyl ketone was then treated with 
trif luoroacetic acid at room temperature for 1 hr. The ketone 22. under¬ 
went smooth Wagner-Meerwein rearrangement to give the homocubyl trifluoro- 
acetate alcohol 22 in seventy percent yieldj nmr, 6=3.8 -2.9 (multiplet, 
14 
7H_, cage hydrogens), 2.88 (singlet, 1JH, -OH) and 1.12 (singlet, 3H> -CH^) 
ppm. 
The trifluoroacetate alcohol 22 was feduced using lithium alumium 
hydride in ether to give the dialcohol 40 in ninety-five percent yield. 
The dialcohol 40^ was sought because it provided a possible system that 
would undergo pinacol rearrangement. The rearrangement should proceed 
through an electron deficient species that should resemble the species 
35 proposed earlier. Unfortunately, not enough of the dialcohol was 
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15 
When cubanecarboxylic acid (2^.) was treated with thirty-two percent 
hydrogen bromide in acetic acid, rearrangement of the cubane cage occurred 
with attack of bromide ion at the beta carbon. It was interesting and 
rewarding to find that cubanecarboxylic acid gives the same type of 
reaction product when treated with trifluoroacetic acid. However, 
attempts to isolate the products from acidic or basic solution were unsuc¬ 
cessful. The product could be isolated when the original trifluoroacetic 
acid solution was decanted into a flask immediate1 y after the reaction 
and the solvent evaporated at reduced pressure. The nuclear magnetic 
resonance and infrared spectra showed that the trifluoroacetate acid 42 
had been formed. 
The structure assignment of the acetate acid 42 was based primarily 
on spectroscopic data. The carboxylic acid stretching vibration showed 
the characteristic broad absorption at 3-4JJ. The carbonyl absorption of 
the trifluoroacetate appeared at 5*fyj and the carbonyl absorption of the 
carboxylic acid group was at 5.8;u. There was a strong acetate absorption 
in the spectra at 8.15>J• The nuclear magnetic resonance spectrum showed 
a multiplet corresponding to seven hydrogens centered between <$ =1.99 
-3.4ppm(cage protons) and a multiplet centered atd =5.2 to 3»9ppm (one 
proton adjacent to the trifluoroacetate group), and atd =10.39ppm (a one 
proton siglet, acid hydrogen). 
The inability to isolate the reaction product from either the 
acidic or basic solution was probably due to the fact that the acid 42 
had hydrolyzed rapidly to the alcohol acid 4^3 when water was added. The 
alcohol acid 43 is soluble in acidic and basic solution. Fortunately, 
16 
the hydroxy acid 42 can be extracted from neutral solution using ether; 
irA 2.8 -3.4 broad, 3.5 (m), 5.95 (s), 8.5 -9.5 (broad)n, nmr5 1.7 -3*3 
(multiplet, 7H, open cage hydrogens), 4.2 -4.6 (broad 1H,H-C-0), 6.6-6.9 
(broad singlet, 2H, OH, COOH). The alcohol and the acid protons gave 
the same resonance position at <5-7ppm. Intermolecular hydrogen bonding 
was comformed by dilution studies in which the signal shifted significantly 
upfield. The stereochemistry of the hydroxyl and carboxyl groups derive 






















The driving force in the reaction of cubanecarboxy1ic acid (2^) in 
trifluoroacetic acid or thirty-two percent hydrogen bromide in acetic 
acid is probably the relief of ring strain. The mechanism for the two 
reactions appears to be the same. The stabilization of the strain car¬ 
bonium ion in the protonated acid of cubane can best be accounted for if 
we assume similar stabilization to that proposed for protonated alkyl 
acids by Olah.^ 
When cyclobutane derivatives were treated with the same acid system 
used for cubane, they showed no tendency to undergo rearrangement. Cyclo- 
butylmethyl ketone was recovered unchanged when treated with thirty-two 
percent hydrobomic acid at reflur for one hour or from refluxing trifluoro- 
acetic acid. 
Cubylmethyl ketone (^2.) is closer to cubanecarboxy 1 ic acid (2^) in 
terms of potential carbonium ion stability in strong acid. It was there¬ 
fore surprising that cubylmethyl ketone (^2) underwent Wagner-Meerwein 
rearrangement in greater than 90 percent yield. Based on the results 
presented it would appear that by using different substituents other than 
methyl group, the charge difference between the dihydroxy and the hydroxy 
alkyl could be made more substantial. If steric effects can be neglected, 
and carbonium ion stabilization is important in the cubylcarbinyl system, 
then the compounds listed below would provide examples of more stable 
carbonium ions. The ring cleavage in the acid implies that the positive 
charge of the dihydroxy carbonium ion is transmitted leass to the ring 
than would be the case for cubylmethyl ketone. In this case the nucleo¬ 
phile attacks at the beta position. It may be, however, that cleavage 
18 
is unique for the cubanecarboxylic acid and Wagner-Meerwein rearrangement 
is the preferred route of rearrangement in the cubyl system. The carbonium 
ion is probably too unstable under the reaction conditions used to 
permit any subsequent rearrangement other than reaction with whatever 
nucleophile is present. 
OH H 
EXPERIMENTAL 
Nuclear magnetic resonance (nmr) spectra were recorded on a Varian 
Associates A-60A spectrometer. Chemical shifts (S) are reported in parts 
per million downfield from internal tetramethylsi lane. A Beckman IR-5A 
infrared spectrometer was used to record infrared spectra. Unless other¬ 
wise stated, spectra were obtained using either chloroform or carbon- 
tetrachloride as a solvent. The following abbreviations are used for 
infrared spectra: s=strong, m=medium, w=weak, sh-shoulder. The spectra 
were calibrated against the 6.24>i band of a polystyrene film. Melting 
point were determined using a Thomas-Hoover melting point apparatus and 
are corrected. 
Removal of solvent in vacuo refers to evaporation at aspirator 
pressure and on a Buchler rotary evaporator. In crystallization from 
mixed solvents, the first mentioned solvent is the one in which the com¬ 
pound is most soluble. 
19 
20 
Cubylmethyl Ketone (32).--Cubanecarboxv1ic acid (23, 100 mg, 0.67 
mmole) was dissolved in 20 ml of anhydrous ether. The flask was then 
fitted with a drying tube and cooled to Dry Ice acetone bath temperature. 
The contents of the flask were stirred vigorously using a magnetic 
stirrer. To this cooled solution was added 4 ml of a 4% methyl 1ithium 
solution in ether.^ The cloudy reaction mixture was allowed to warm to 
10° over a 15 min period and then quenched by adding dropwise in order, 
2 ml of cold water, 1.5 ml of 15% aqueous sodium hydroxide solution, and 
then 5 ml of water. The aqueous phase was separated and extracted with 
ether. The combined organic phases were washed with water followed by 
saturated brine, and then dried over sodium sulfate. Removal of the 
solvent in vacuo afforded 90 mg (92% yield) of a sweet smelling, pale 
yellow liquid. The nuclear magnetic resonance spectrum of this material 
indicated that there was no contamination by corresponding tertiary 
alcohol. Sublimation of the yellow materia1 at room temperature in a 
micro sublimator gave a colorless solid. Low temperature crystallization 
from pentane gave the ketone 32, as a colorless solid (88 mg, 90% yield); 
mp 52°, 170-85°(dec ) ; reported:^ mp 56-58°; irA3.27 (s), 5.89 (s), 8.20, 
11.91>J; nmr, =4.4-3.9 (multiplet, 7jj., cubane hydrogens), and 2.03 
(singlet, 3]H, - COC^Jppm. 
Rearrangement of Cubylmethyl Ketone (^2) in 32% Hydrogen Bromide in 
Acetic Acid.--Cuby1 methyl Ketone(32, 50 mg, 0.34 mmoles) was placed in a 
25 ml distilling flask. The ketone was reacted for 1 hr with 1 ml of 32% 
hydrogen bromide in acetic acid at room temperature. Water (10 ml) was 
added and the solution was then extracted three times with 15 ml portions 
of ether. The combined ether layers were then washed with 5% aqueous 
21 
sodium bicarbonate, water, saturated brine, and then dried over sodium 
sulfate. The solvent was then evaporated to dryness in vacuo to leave 
67 mg (88%) of bromo-alcohol 2Z* The crude mixture was taken up in benzene 
and then passed through a small pipette packed with neutral alumina. The 
solvent contaminations were removed in the first 10 ml of benzene. The 
rearranged alcohol 2Z. was removed when methylene chloride was used as 
eluent. The methylene chloride was evaporated and the product was then 
sublimed at reduced pressure yielding 54 mg (70%) of bromo-alcohol 2Z* 
The product was crystallized from pentane to give yellow needless (50 mg, 
68%); mp 64-66°; ir, 3.0 (w), 3.3 (m), 7.25 (m)jj; nmr 0 =3.9-3»2 (multi¬ 
plet, 7H, cage hydrogens), 2.1 (broad singlet, 1H, -OH), and 1.02 (sing¬ 
let, 3H., -CH^)ppm. 
Rearrangement of Cubylmethyl Ketone (22) in Trifluoroacetic Acid.-- 
Cubylmethyl Ketone (32, 125 mg, 0.82 mmoles) was added to a 25 ml dis¬ 
tilling flask, and reacted for 1 hr with 1 ml of purified trifluoroacetic 
acid at room temperature. (The acid was purified by fractional distilla¬ 
tion from sodium trifluoroacetate. The center 60% was collected). The 
reaction mixture was quenched by adding water (10 ml). The solution was 
then extracted three times with ether. The combined ether layer were 
then washed with 5% aqueous sodium carbonate, water, saturated brine, and 
then dried over sodium sulfate. The solvent was then evaporated to dryness 
in vacuo to leave 140 mg (67%) of the homocubyl-hydroxy acetate 22* The 
crude material was then sublimed at 80°/1mm to give a colorless solid; 
mp 120°; nmr,6 =3.8-2.9 (multiplet, 7H., cage hydrogens), 2.88 (singlet, 
1H, OH) and 1.12 (singlet, 3jl,-CH^)ppm. 
Reduction of the Hydroxy Acetate 39.--A solution of 140 mg (0.55 
22 
mmoles) of the homocubyl hydroxy acetate 22. in 10 ml of anhydrous ether 
was added dropwise to a stirred slurry of 300 mg (7.90 mmoles) of lithium 
alumium hydride and 15 ml of anhydrous ether. The reaction mixture was 
refluxed for one hour and then quenched by adding 2 ml of water. The 
solids were collected by filtration and washed with ether. The organic 
phase was dried over sodium sulfate and evaporation to dryness in vacuo 
to give 116 mg (86%) of a clear solid material. The crude solid was then 
sublimed at 80°/1mm and crystallized from pentane to give pure material; 
mp 110°; ir, 2.95-3*3 (broad), 3.5 (s)>i; nmrfi =3• 6—3• 2 (multiplet, 6li, 
cage hydrogens), 1.92 (singlet, 2ji, -OH) and 1.09 (singlet, 3H>-CH^)ppm. 
Rearrangement of Cubanecarboxy 1 ic Acid (22.) in Trifluoroacetic 
Acid.--Cubanecarboxy 1ic acid (23, 50 mg, 0.34 mmoles) and 1 ml of purified 
trifluoroacetic acid were reacted for 45 min in a nuclear magnetic reso¬ 
nance tube held at 75°. The tube was checked periodically by nuclear 
magnetic resonance spectroscopy to see if all of the cubanecarboxylic 
acid (22.) had rearranged. The reaction mixture was decanted into a flask 
and the tube was rinsed with ether. The ether and trifluoroacetic acid 
were removed in vacuo leaving a black solid material mixed with a brown 
colored material, identified as trif 1uoroacetate acid 42; ir, 3-4 broad, 
5.6 (s), 5.8 (s), 8.15 (s), 8.5-8.7 (s)>i; nmr^S=1.99 3.4 (multiplet, 7H, 
cage hydrogens), 5»2-3.9 (multiplet, 1H., H-C-O-CF^) and 10.39 kinglet, 
lH,-C00H)ppm. 
Hydrolysis of the Trifluoroacetate Acid 42.—The acetate acid 42 
was taken up in 5 ml of ether. To the ether solution, 1 ml of 5% aqueous 
sodium carbonate solution was added. The solution was stirred for 5 min 
at room temperature. The basic solution was neutralized with 3N hydro- 
23 
chloric acid and the neutral solution was extracted with ether. The 
aqueous phase was dried over sodium sulfate and the solvent was removed 
in vacuo. The residue was sublimed at 80°/1mm yielding the hydroxy acid 
43 (45 mg 66%) as a clear waxy material. This material was crystallized 
from pentane to give hydroxy acid, (40 mg)j ir, 2.8-3.4 broad, 3-5 (m), 
5.95 (s), 8.5-9.5 (s)uj nmr S-1.7-3.3 (broad, multiplet, 7H., cage hydro¬ 
gens), 4.2-4.6 (broad, multiplet, 1H, H-C-OH), and 6.6-6.9 (broad singlet, 
2H, -OH,-C00H)ppm. 
Attempted Rearrangement of Cyclobutanecarboxylic Acid in Trifluoro- 
acetic Acid.—Cyclobutanecarboxy 1ic acid (100 mg) was placed in a nuclear 
magnetic resonance tube. Trifluoroacetic acid (0.5 ml) was added and the 
solution was heated at 100° for 72 hrs. The progress of the reaction was 
followed by nuclear magnetic resonance spectroscopy. The reaction mixture 
was transferred to a separatory funnel and diluted with ether. The ether 
solution was washed with water, then saturated brine, and dried over sodium 
sulfate. Evaporation of the solvent in vacuo gave 95 mg (95%) of the 
eye 1obutanecarboxy1ic acid unchanged. 
CyclobutyImethy1 Ketone.--Cyclobutanecarboxylic acid (Aldrich 
Chemical Co. 400 mg, 4.08 mmoles) was placed in a flask, and 20 ml of 
anhydrous ether were added. The flask was fitted with a drying tube and 
placed in a Dry Ice-Acetone bath. Methyl 1ithium solution (4%) was added 
to the flask dropwise until 6 ml of methyl 1ithium had been added. The 
solution was allowed to warm to room temperature and stirred for a total 
time of one hour. The cloudy reaction mixture was quenched by adding 1 ml 
of water. The aqueous solution was washed with ether. The combined ether 
solution was washed with water, saturated brine and dried over sodium 
24 
sulfate. Evaporation of the solvent in vacuo left 200 mg (50%) of liquid 
material; irA3.4 (m), 5.85 (s)p; nmrô=1.8-2.4 (multiplet, 9H., ring 
hydrogens), 2.94-3*3 (multiplet, 1H, hydrogens)ppm. Cyclobutanecarboxylic 
acid (200 mg) was recovered unchanged from the base solution. 
Attempted Rearrangement of Cyclobutylmethyl Ketone.--Cyclobutyl- 
methyl ketone (100 mg) was placed in a nuclear magnetic resonance tube. 
Trifluoroacetic acid (0.4 ml) was added. The tube was then sealed and 
heated at 100° for 24 hours. Nuclear magnetic resonance spectra was taken 
periodically and the spectra revealed that the cyclobutylmethyl ketone 
had not rearranged. 
Attempted Preparation of CubylaIdehyde (23).--Cubanecarboxy1ic 
acid (23. 50 mg, 0.338 mmoles) was stirred with 5 nil of purified thionyl 
chloride at 60° for 1.5 hr. The excess thionyl chloride was removed in 
vacuo leaving the acid chloride as a pale yellow oil; irA3*32 (m), 5.59 
(s), 8.73 (m), 10.68 (m), 14.15 (s)>i nmr<5 3.89-4.65 (multiplet, cubane 
cage hydrogens). Anhydrous diglyme (10 ml) (distilled from lithium 
aluminum hydride and stored over Linde type 4A molecular sieves) was added 
to the flask containing the acid chloride. The diglyme solution was 
cooled in a Dry Ice-acetone bath to -75°. A solution containing 83 mg 
(0.338 mmoles) of lithium tri-t-butoxya1uminohydride J and diglyme was 
added dropwise over a period of approximately 1 hr. The mixture was per¬ 
mitted to warm to room temperature over a period of 1 hr. The resulting 
mixture was poured onto 10 ml of crushed ice. The diglyme-water solution 
was filtered and the diglyme and water were removed in vacuo. The nmr 
indicated that there was a mixture of cubylcarbinol and cubanecarboxylic 
acid. The infrared indicated a small amount of aldehyde. Various modi- 
25 
fications of this procedure to prepare the aldehyde were unsuccessful at 
producing more than a trace of aldehyde. 
p-Aminocarbomethoxycubanecarboxylic acid Hydrogen Chloride.— 
p-Carbomethoxycubanecarboxylic acid (150 mg, 0.72 mmoles) was stirred with 
2 ml of purified thionyl chloride at 60° for 1.5 hr. The excess thionyl 
chloride was removed at reduced pressure leaving the acid chloride as a 
pale yellow oil; ir ^3.34 (m), 5.8 (s), 7.6 (s), 6.4 (m), 9.2 (s), 10.7 
(m)jj nmr ô =4.18-4.5 (multiplet, 6H, cubane hydrogens), 3*62 (singlet, 3H., 
-0CH^)ppm. This crude acid chloride was dissolved in 5 ml of purified 
tetrahydrofuran (stored over Linde type 4A moleculat sieves and then 
distilled from lithium alumium hydride). The solution was cooled with an 
ice bath, and a solution of 100 mg (1.55 mmoles) of sodium azide in 1 ml 
of distilled water was added with stirring. The cloudy mixture was stirred 
at 0-5° for 1 hr. Water (5 ml) was added, and the solution was extracted 
with three 10 ml portions of methylene chloride. The combined extracts 
were washed with water followed by saturated brine, and then dried over 
sodium sulfate. The organic phase was concentrated to about 5 ml. Ben¬ 
zene was added, and the solution concentrated again. This procedure was 
repeated several times to give acid azide free of tetrahydrofuran; ir ^ 
4.42 (s), 5.79 (S)JJ, nmr<5 =4.26 (singlet, 6H, cage hydrogens), 3*6 
(singlet, 3H.,-CH^)ppm. 
The crude acid azide, thusly prepared, was rearranged to the iso- 
cynate; irA4.45 (S)JJ; nmr $=4.1 (singlet, 6]H, cubane hydrogens), 3• 65 
(singlet, 3H-CH^)ppm, by boiling in benzene under a Dean-Stark trap for 
1 hr. Concentrated hydrochloric acid (20 ml) was then added to the benzene 
solution to hydrolyze the isococyanate. The mixture turned brown and gas 
26 
was evolved. The heterogeneous solution was refluxed for 1 hr, during 
which time the color did not change. The aqueous phase was drawn off, 
and the benzene layer was extracts with two 5 ml portions of distilled 
water. All the aqueous extracts was combined. The combined aqueous 
extracts were washed with two 10 ml portions each of methylene chloride 
and ether, and then evaporated to dryness at reduced pressure. The solid 
was crystallized from methanol-ether to give 155 mg (99% yield) of the 
methyl ester as light brown flakes; mp 140° (dec) with a color change. 
At 195° the material exploded; nmr ^(CD^OD) = 4.34 (singlet, 614, cage 
hydrogens) and 3.3 (singlet, 3H,-CH^). 
£-Aminocubanecarboxy lie Acid Hydroch1 oride.--£-Aminocarbomethy- 
cubanecarboxylic acid hydrogen chloride (150 mg) was boiled in benzene 
under a Dean-Stark trap with 20 ml concentrated hydrochloric acid for 
9 hr. The aqueous phase was drawn off, and the benzene layer was extrac¬ 
ted with two 5 ml portions of water. All the aqueous extracts were com¬ 
bined, and then evaporated to dryness at reduced pressure. The hydro¬ 
chloride was crystallized from methanol-ether to give a brown solid 82%; 
mp 125°; (dec) nmr 6(CD^0D = 4.39 (singlet, 3H,-NH^), and 3-82 (singlet, 
6H, cage hydrogens)ppm. 
9-0xapentacyclo 4.4.0.0^*'*0.^, ^0.^*^ decan-8-one; From cubane- 
carboxylic acid^.--Cubanecarboxy 1 ic acid (50 mg, 0.34 mmoles) and 1 ml 
of 32 weight percent hydrogen bromide in acetic acid were heated together 
on a steam bath for 5 min. The cooled mixture was poured into 10 ml of 
water and extracted with ether. The ether extracts were washed with water 
followed by saturated brine, and then dried over sodium sulfate. The 
solution was taken to dryness in vacuo to give 80 mg (95%) of a crystalline 
27 
solid; ir 5*60 (m), and 5*85 (s)u. This material was taken up in 10 ml 
of ether, and the solution was stirred with 5 ml of 5 percent aqueous 
sodium carbonate for 1 hr. The aqueous phase was drawn off, acidified 
with 6N_ hydrochloric acid, and extracted with methylene chloride. 
Evaporation of the solvent in vacuo gave 45 mg (90%) of the lactone. 
Crystallization from pentane afforded a few crystals with mp 105°. 
Reported19: 99-101°. 
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